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Water reuse is of increasing relevance for water-stressed regions but is often considered a contentious
option. Research has shown that providing the public with information about reuse options can impact
positively on its acceptability, although such impacts can be conﬁned to speciﬁc groups. In this context,
there is growing interest in understanding the impact of different forms and mechanisms of commu-
nication with the public around reuse. This contribution has investigated the use of video animations to
communicate the safety of non-potable recycled water schemes. The aim of this study was to evaluate
how different ways of framing messages about the safety of recycled water might impact on public at-
titudes. Participants were recruited in London (n¼ 689), UK, and randomly allocated to test and control
groups, with the former being exposed to one of four video animations that used different frames to
convey messages about recycled water safety. Surveys collected pre- and post-video message responses
for dependent variables including the general acceptance of diverse non-potable recycled water uses, risk
perceptions and trust. The ﬁndings complement existing knowledge on the impacts of different types of
messaging on public attitudes to reuse schemes with important evidence for the positive impact of water
safety communications framed in terms of compliance with water quality requirements. Contrarily, a
positive attitudinal impact was not evident for safety message framed in terms of the selection of water
treatment technology to remove contaminants nor in terms of non-potable water risks relative to other
every-day risks. The results are of value to water resource planners looking to develop communication
resources, as part of more comprehensive public engagement strategies, for improving perceptions of
water reuse. Importantly, the ﬁndings help isolate the effects of speciﬁc message frames, and inform the
debate on whether an increased understanding of risk positively or negatively inﬂuences willingness to
support water reuse schemes.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
The perceived beneﬁts of early public engagement in the plan-
ning and design of water reuse schemes (Frijns et al., 2016;
Hurlimann and Dolnicar, 2016; Lee and Tan, 2016) are clearly sup-
ported by water reuse regulations and guidelines (European
Commission, 2016; NRMMC EPHC & AHMC, 2006; USEPA, 2012).
This aspiration for timely public engagement has also been
informed by the experiences of both successful (Harris-Lovett et al.,
2015) and unsuccessful (Hurlimann and Dolnicar, 2010) reuse
schemes involving both potable and non-potable recycled watermith).
r Ltd. This is an open access articleuses. The evidence has consistently linked inadequate public
engagement with low public support for, or increased levels of
resistance to, reuse projects (Russell et al., 2008). More inclusive
dialogue about risks and beneﬁts is often recommended to help
understand public attitudes and to build public trust (Khan and
Gerrard, 2006).
The repurposing of wastewater for non-potable uses is consis-
tently evaluated by the public to be less contentious than its reuse
for drinking water (Hurlimann and Dolnicar, 2016). However, there
are well-recognised nuances within this general principle that
relate acceptability to the degree of contact with, or exposure to,
the water (Bruvold, 1988; Friedler et al., 2006; Hurlimann et al.,
2009). For example, use of the water for higher exposure uses,
such as in swimming pools, is likely to be less acceptable than for
ﬂushing toilets (Dolnicar and Sch€afer, 2009). Explanations for theseunder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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(Rozin et al., 2015; Wester et al., 2016), and from cultural risk
evaluations, suggesting preferences for more ‘pure’ uses (Marks
et al., 2008). These differences are well documented but can also
vary depending on context. As examples, there are cases of ‘over-
whelming’ public acceptance for schemes involving potable reuse
(e.g. NeWater, Singapore - Mainali et al., 2011) and underwhelming
acceptance for uses such as toilet ﬂushing (Buyukkamaci and Alkan,
2013). Health risk fears can lie behind public concerns, with speciﬁc
evidence emerging from cases involving irrigated crops (Wu et al.,
2015) and cross-contamination in household drinking water sup-
plies (Hambly et al., 2012). There is now a sizeable legacy of
research that has engaged with the challenge of understanding the
factors underpinning public acceptance (Bruvold, 1988; Dolnicar
et al., 2011; Nancarrow et al., 2008; Ross et al., 2014). However,
contemporary developments have seen increasing interest in un-
derstanding how and why public attitudes evolve (Fielding et al.,
2018; Smith et al., 2018).
Initial negative reactions towards water reuse can be moderated
through effective communication (Leong, 2016, 2010; Russell and
Lux, 2009) and individuals can re-evaluate their attitudes when
provided with information (Dolnicar et al., 2010; Russell et al.,
2008; Wester et al., 2016) e although there can also be chal-
lenges to gauging, and interpreting, the impact (Fielding et al.,
2018). How people react to information about water reuse is
thought to depend to a greater extent on the information pro-
cessing experience (Dolnicar et al., 2010; Russell et al., 2008). As
such, there is keen interest in understanding communicative pro-
cesses e in particular, how framing (e.g. the careful selection or
emphasis of certain pieces of information) might inﬂuence how
people make sense of watermanagement communications (Dewulf
et al., 2009, 2005; Mankad, 2012). For water reuse, studies have
shown positive impacts from providing information that adopts
particular terminology (Menegaki et al., 2009; Simpson and
Stratton, 2011), includes descriptions of water treatment pro-
cesses (Dolnicar et al., 2010), or identiﬁes risks and beneﬁts of
recycled water (Price et al., 2015). Contrastingly, research has
shown no impact from providing additional information on
pollutant levels (Fielding and Roiko, 2014). Presently, there remain
limitations to knowledge of how speciﬁc communities might
respond to different message framing and which modes of
communication are more effective (Fielding and Roiko, 2014; Rozin
et al., 2015; Russell et al., 2008).
Recent years have seen an increase in the deployment of
graphical materials (Dolnicar et al., 2010), and animations and
videos in particular (Russell et al., 2008), to present information
about water reuse. The associated beneﬁts of using such media
include improvements in accessibility and understanding (Ishii and
Boyer, 2016; Islam et al., 2015; Tang et al., 2015). Videos can help
viewers grasp more complex resource management concepts
(Krantz andMonroe, 2016), and the selection of certain imagesmay
help develop positive responses towards water augmentation
projects (Dolnicar et al., 2014). Videos are an increasingly familiar
information source, and can enhance levels of interest and moti-
vation (Arvai and Louie, 2014). Such demonstrated beneﬁts have
led to the development of video animation resources discussing
water management (e.g. SydneyWater's ‘tap™’ video - Motion and
Kearnes, 2014) and, speciﬁcally for water reuse, videos describing
de facto indirect potable reuse (‘Downstream’ - Harris-Lovett et al.,
2015), direct potable reuse (‘TheWays ofWater’ -WateReuse, 2014)
and sewer mining (DESSIN, 2017). Despite the growing use of video
messaging, scientiﬁc evaluations of video interventions are sparse
(Arvai and Louie, 2014).
This paper aims to examine the impact of message framing on
public attitudes towards non-potable water reuse through the useof video messages that selectively communicate information
regarding the risk management of non-potable recycled water use
in London. Following the principles of framing (to select some as-
pects of a perceived reality andmake themmore salient to promote
a particular idea or problem - Entman, 1993), the content of the
different video messages used in this study included different focal
characteristics, depending on the frame being employed (Hallahan,
1999; Levin et al., 1998). This paper therefore addresses the
following questions: (1) To what extent might the initial attitudes
of the participants towards non-potable recycled water be inﬂu-
enced by messages conveyed through video animations? (2) To
what extent might message framing (variation in the focal char-
acteristics of a message according to the frame being employed)
inﬂuence attitudinal change? (3) To what extent might the impact
of message framing be associated with initial levels of support for
more contentious non-potable water uses or demographic vari-
ables? (4) How might messages about recycled water be improved
to help meet the public's expectations (with respect to the study
location of London, UK), and how might video animations be used
more effectively for engaging the public when developing recycled
water schemes?
2. Methodology
2.1. Participant recruitment
Participants were recruited for pre and post video message
surveys from a database of over forty thousand London residents
(over 18 years of age). The survey panel (Qualtrics) worked with
databases of participants (including harder to reach demographic
categories) to select participants to take part. Based on similar
studies using online panel-based recruitment (e.g. Dolnicar et al.,
2014), the response rate was expected to be in the order of
15e20%, however this was not speciﬁcally documented. Partici-
pants received a compensation payment at standard rates used by
the survey company. For the initial survey at Time 1 (T1), 783 sur-
veys were started and 753 completed. Using a minimum time
completion ﬁlter to improve data quality (set at the 10th percentile
completion time), 689 valid responses were received. For the
follow-up survey (T2), 565 responses were started and 6% not
completed. Using the minimum time ﬁlter, 479 valid responses
were received. After matching valid responses from T1 and T2, the
ﬁnal sample of matched pairs was N¼ 441.
Demographic data was collected for gender, age, ethnicity,
highest level of education and annual household income. De-
mographic characteristics of the valid T1 responses included amean
age of 42.42 (SD¼ 16.31, range 18e90), with 354 females (51.4%)
and 335 males (48.6%). For ethnicity, 73.1% identiﬁed as White
(British, Irish or Other), 9.6% as Black or Black British, 8.1% as Asian
or British Asian, 4.6% as mixed ethic background and 4.5% as any
other background. These demographic proportions accorded well
with the general London population over 18 years of age for age
(mean¼ 43.39) and gender (48.8% male, 51.2% female). The sample
was over representative for those identifying as white ethnicities
(60% in London) and those with university degrees (38% in London
compared with 51% in the sample). Characteristics of the sample
validly completing both stages included a mean age of 47.40 years
(SD¼ 15.65, range¼ 18e90), with 247 females (56%) and 194males
(44%). Attrition rates varied for different sub-groups and, for
example, were higher for males, those under 35 and those from
mixed and Asian or British Asian ethnic backgrounds. Using cross-
tabulation (Pearson Chi-Square), the proportions for gender
(c2¼ 2.816, df¼ 1, p¼ 0.093), ethnicity (c2¼ 3.973, df¼ 5,
p¼ 0.553), annual income (c2¼ 0.506, df¼ 5, p¼ 0.992) and level
of education (c2¼ 6.446, df¼ 10, p¼ 0.776) were not signiﬁcantly
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the distribution of participants between the age categories was
statistically signiﬁcantly (c2¼ 31.041, df¼ 5, p¼ 0.001) and the
implications of this were explored in the analysis.
The ﬁnal sample drawn from a database of London residents
was of sufﬁcient size to consider the possible representativeness
with respect to the general London population aged over 18 of 6.4
million (GLAIntelligence, 2016) (for claims made about proportions
the conﬁdence level was 95%±5% error). However, given the known
challenges associated with sampling biases in internet surveys and
panel based recruitment (Van Selm and Jankowski, 2006), potential
methodological biases (e.g. acquiescence and social desirability
bias) along with the biases identiﬁed in the demographic pro-
portions of the data, any such generalisation were drawn with
caveats.
2.2. Materials - survey and video design
The independent variables were message frames, which deter-
mined the selection of information for four different video mes-
sages. The video messages were created using animation software
and embedded in a Qualtrics online survey instrument. The videos
were designed using Sparkol's VideoScribe software. The survey
instrument and videos were piloted to address design problems
and to check interpretations of words and phrases (de Vaus, 2002).
The survey questions and video materials were also pre-tested
through consultation with a small number of water resource spe-
cialists and academics. The survey and videos were updated based
on these consultations and then piloted with a small sample of the
public (T1, N¼ 56; T2, N¼ 33). Following this, reﬁnements were
made to the question items and their wording based on Cronbach's
alpha scores, qualitative feedback and comprehension check
question results. As an example, a question about risk-beneﬁt
trade-offs was excluded following the review of Cronbach alpha.
Other changes included simplifying the wording of questions and
modifying the survey ﬂow and the sequence and timing of the
animations in the videos. These responses from the piloting were
not included in the ﬁnal analysis.
2.2.1. Experimental video messages
The development and the selection of the frames used in the
videos drew from the broader framing literature, spanning psy-
chology (Levin et al., 1998) and sociology (Nisbet, 2009). The
message framing literature around water management and water
reuse (Goodwin et al., 2017; Mankad, 2012; Menegaki et al., 2009;
Rozin et al., 2015; Wester et al., 2016) was then used to develop a
conceptual message framing typology (Table 1) that linked
contextual, attribute and valance frames with a multi-level framing
of water resource management, water reuse (as a management
intervention) and water safety. This typology provided an over-
arching framework for constructing the messages used in this
study.
A general context framing message was developed which em-
phasises the water supply challenge for London and the potential
role of non-potable water reuse as a solution (Fig. 1). The context
frames used were informed by literature related to the role of water
reuse in London's water supply (e.g. Aitken et al., 2014; Bell and
Aitken, 2008; Hills et al., 2001; Jeffrey and Jefferson, 2003; Smith
et al., 2014) and the terminology used was informed by the water
reuse communication literature (speciﬁcally Macpherson, 2014,
2011; Menegaki et al., 2009; Motion and Kearnes, 2014; Po et al.,
2005; Simpson and Stratton, 2011; WRRF, 2010). This general
context message video (duration of 1min 13s) employed all three
levels of context framing (Table 1); it described the context for
water resource management including the existing water supplyregime, the inﬂuence of climate change and population growth,
and the potential for a future water supply deﬁcit (Level 1 context
framing); it described the context of water reuse as a management
intervention, including potential beneﬁts (Level 2 context framing);
and it described the context of water reuse safety through
acknowledging potential risks from contaminants (Level 3 context
framing).
In addition, three alternative water safety attribute frames
(Level 3 attribute framing) were developed which added different
focal characteristics to the general message: (1) ‘water quality
compliance’ ewherein the message emphasised that management
practices ensure compliance with standards (through monitoring,
sampling, testing and reporting) to protect human and environ-
mental health from contaminants (video duration 1min 37s); (2)
‘relative risk’ e wherein the message emphasised that contami-
nants may be detected in recycled water but that exposure is
relative to other every-day exposures to similar contaminants, such
as those in personal care products (video duration 1min 33s); and
(3) ‘technology selection’ e wherein the message emphasised that
the selection of water treatment technology (including biological
treatment, carbon ﬁltration, membrane ﬁltration, chemical oxida-
tion and disinfection) targets the removal of speciﬁc contaminants
to protect human and environmental health (video duration 1min
30s). These three alternative attribute frames were developed by
thematically reviewing water recycling studies focusing on public
communications (e.g. Fielding and Roiko, 2014; Goodwin et al.,
2017; Harris-Lovett et al., 2015; Price et al., 2015; Roseth, 2008;
Ross et al., 2014; Rozin et al., 2015; Wester et al., 2016).
2.2.2. Dependent variables
The surveys used Likert-type questions to quantify ﬁve depen-
dent variables. These variables were labelled: (1) general accep-
tance; (2) support; (3) behavioural intentions (e.g. willingness to
use the water); (4) risk perceptions; and (5) trust (see Table 2). The
question items used tomeasure each dependent variablewere built
on elicitation methods shown to be consistent and reliable mea-
sures (Aitken et al., 2014; Fielding and Roiko, 2014; Nancarrow
et al., 2009; Po et al., 2005; Price et al., 2015; Ross et al., 2014),
taking into account contextual speciﬁcities and issues identiﬁed
during piloting. A range of non-potable water uses were included to
span potential levels of exposure to recycled water, using general
classiﬁcation methods (e.g. ‘low’, ’medium’, ‘high’ - Bruvold, 1988;
Friedler et al., 2006; Matos et al., 2014). However, through the ag-
gregation of question items (described below), the dependent
variables sought to summarise the participants' general attitudes to
non-potable recycled water rather than towards speciﬁc uses for
the water.
Responses to individual question items were recorded using a 6
point scale (1¼ strongly disagree, 2¼ disagree, 3¼ neither agree
nor disagree, 4¼ agree, 5¼ strongly agree and 6¼ don't know). A
low proportion of respondents selected ‘don't know’ (<3%) and
were re-coded as neutral/ambivalent (3) along with ‘neither agree
nor disagree’ for analysis. To improve response validity, some
questions used reversewording (whichwere re-coded for analysis).
For each respondent, under each dependent variable, the numerical
scores for individual question items were added together (Norman,
2010). Using these aggregate values, mean values and standard
deviations were calculated for each message group, for each
dependent variable, at each time stage e so for the Acceptance
variable, in the No-Message group, at Time 1, the mean was
calculated through summing scores for all the participants in that
group and dividing by the number of participants. The internal
consistency for all of the variables was evaluated with Cronbach
alpha to be satisfactory (Table 2). Cronbach's alpha test is
commonly referred to in water management (e.g. Ishii and Boyer,
Table 1
Conceptual message framing typology for communication around water reuse, with nested levels and examples of relevant mesages.
Overview Level 1. Water resource management Level 2. Water reuseas a
management intervention
Level 3. Water safety
Context
frames
Context to frame situations and objects
(Hallahan, 1999; Pan and Kosicki,
1993). Framing for bridging cognition
and culture within social contexts (Van
Gorp, 2007).
The water resource context might
include details of the temporal and
spatial scales (Tang et al., 2015),
geography, causes (e.g. climate change,
population growth), consequences,
people affected and alternative
management options (Lyytimaki and
Assmuth, 2014)
Context of the recycled water's history
(Rozin et al., 2015) or contrasting
international reuse examples (Price
et al., 2015).
Context could include descriptions
of the health risk relative to other
public health issues like food safety
(Price et al., 2015)
Attribute
frames
Focal attributes, characteristics of
objects and situations speciﬁc to a
context (Hallahan, 1999; Levin et al.,
1998; Mankad, 2012).
Focal attributes could be: investment
(e.g. in ﬂood defences), risk-based
management approaches (Escobar and
Demeritt, 2014) or the chemical quality
of raw water (Lyytimaki and Assmuth,
2014).
Speciﬁc uses for the water (e.g.
drinking, toilet ﬂushing - Dolnicar
et al., 2010) or speciﬁc details like
energy used to process recycled water
(Price et al., 2015).
Attribute frames could include
details of the water treatment
processes (Dolnicar et al., 2010) or
levels of speciﬁc pollutants (Fielding
and Roiko, 2014).
Valence
frames
Positive or negative aspects of
attributes: e.g. losses and gains, risky
choice (probability of winning or losing
something) (Levin et al., 1998; Mankad,
2012).
Potential losses such as water shortages
or gains from economic opportunities
(Lyytimaki and Assmuth, 2014).
Reuse as a secure water supply or
negative health risks (Price et al.,
2015).
Valence frames could include the use
of cognitive or affective images
(Wester et al., 2016)
Fig. 1. The general (contextual) video message (thumbnail shows the opening ani-
mation slide).
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Pidgeon, 2003) to measure the inter-correlation of question items
as an indicator of internal consistency. Debates on the usefulness
and the interpretation of the alpha statistic permeate through the
socio-psychological literature (Cortina, 1993), however, for this
study the statistic was considered suitable for the context.
2.3. Study procedure
Following consent to participate, all participants completed the
introductory survey stage with basic demographic questions and
initial dependent variable measurements (Fig. 2). Participants were
then randomly assigned to one of ﬁve message groups (using
inbuilt survey tool functionality) to either watch a video animation
or not (control group with no message). Immediately following the
videos, a number of statements were used to gauge: (1) how easy
the video messages were to understand (using the six point Likert
scale), and (2) whether participants recognised the focal charac-
teristics of the message to which they'd been assigned (the inclu-
sion of comprehension checks followed Islam et al., 2015). For the
latter, participants were asks whether the video helped them un-
derstand about (by selecting all that apply): (1) water resource
planning, (2) water recycling, (3) water quality compliance, (4)
comparing every-day risks, (5) water treatment technology, or (6)
anything else (allowing for text entry). These categorical data wereused to help interpret the participants' ability to recall and
comprehend speciﬁcities of the messages by comparing the four
message groups using Pearson's Chi-squared test.
Repeat measures were taken at two weeks with this interval
selected with reference to related studies (Dolnicar et al., 2010;
Price et al., 2015) and following a similar methodology to Roseth
(2008). Drawing from attitude change theory, the approach
assumed that: (1) attitudes should remain stable in the absence of
‘shock’ events (Krosnick and Petty, 1995) and (2) messages can
initiate longer-term attitude change if participants are motivated
and able to process them (Dainton, 2004). The study procedure
acknowledged that attitudes could be affected by other issues
coming into public attention after viewing the messages (Russell
et al., 2008), but a review of local weather and news media
showed that water issues were not salient and were therefore
unlikely to inﬂuence participants' attitudes during the study
period. Attitudes could have been inﬂuenced through reﬂecting on
the topic after completing the initial survey (Roseth, 2008) and the
no message (control) group was used to help monitor for such
effects.2.4. Analysis
All data were analysed using IBM SPSS Statistics version 22.0.
Following the methodology of Fielding and Roiko (2014), outliers
(scores greater than 3 standard deviations above or below the
mean) were identiﬁed on the dependent variables and excluded.
Following this, the data for the ﬁve dependent variables were
approximately normally distributed (skewness and kurtosis be-
tween± 2 for all variables). Moreover, Levene's test showed ho-
mogeneity of variance (of the ﬁve variables the risk variable has the
lower test statistic of p ¼ 0.556). Therefore, parametric statistics
were considered appropriate for the analysis, given the robustness
of ANOVA (Norman, 2010).
One-way ANOVA on the gain scores (changes over time) were
used to explore whether there were differences between the ﬁve
groups. The hypothesis was that: (H1) after watching the videos,
there would be differences in attitudinal changes between each of
the four video message groups when compared with the control
group. Paired t-tests were used for the matched samples to explore
whether the dependent variables changed signiﬁcantly over time
within each of the message groups. To explore any framing effect
Table 2
Question items used for measuring dependent variables.
Dependent variable Question Items Reliabilitya
(a)
General acceptance (9 items) General acceptance combines all Support & Willingness questions (see below) 0.872
Support (5 items) 1. I support using recycled water for watering gardens and ﬂushing toilets 0.767
2. I support using recycled water for industrial processes (e.g. electricity generation)
3. I support using recycled water for recreational swimming (e.g. in swimming pools)
4. I support using recycled water to irrigate edible food crops
5. I support using recycled water for washing clothes
Willingness (behavioural
intentions) (4 items)
6. I would be willing to use recycled water for watering gardens and ﬂushing toilets 0.742
7. I would be willing to buy a home that uses recycled water for watering gardens and ﬂushing toilets
8. I would be willing to consume food irrigated with recycled water
9. I would be willing to swim in water containing some recycled water
Risk perceptions (6 items) 10. Using recycled water for watering gardens or ﬂushing toilets would cause a public health risk (reversed) 0.729
11. The risks from using recycled water for watering gardens or ﬂushing toilets are small compared to other everyday
risks
12. Water treatment technology can control the risks to public health
13. I would accept lower quality recycled water for watering gardens or for ﬂushing toilets if this meant avoiding a
hosepipe ban
14. Compliance with water quality standards can control the risks to public health
15. Consuming food irrigated with recycled water would NOT cause a public health risk
Trust (7 items) 16. I think that the water company has good intentions in managing London's water supply 0.868
17. I can trust the water company to provide a good quality supply for watering gardens or ﬂushing toilets
18. I trust regulators (e.g. Drinking Water Inspectorate and the Environment Agency) to set safe water quality
standards
19. I trust regulators (e.g. Drinking Water Inspectorate, the Environment Agency) to check recycled water complies
with quality standards set down in law
20. I do NOT trust the technology involved in water reuse (reversed)
21. I do NOT trust science and technology to produce safe recycled water (reversed)
22. I trust the government to manage the balance of a range of public health concerns in our society
a Number of valid responses at T1¼ 689.
Fig. 2. Two-stage pre and post video message study procedure.
D. Goodwin et al. / Water Research 145 (2018) 125e135 129from varying the message content, again, one-way ANOVA was
used but to compare only the four video message groups. The hy-
pothesis was that (H2) there would be a difference between the
fourmessage groups (n¼ 350) and, more speciﬁcally, between each
of the three messages containing speciﬁc focal characteristics whencompared with the general video message group.
Finally, following the methodology of Price et al. (2015), the
initial support for using recycled water in swimming areas was
divided to form three groups: initially supportive (168), neutral/
indifferent (85) and initially not supportive (113). The premise of
D. Goodwin et al. / Water Research 145 (2018) 125e135130this analysis was to consider whether the message framing might
be inﬂuential on those initially neutral or not supportive. Support
for use in swimming areas was selected for this analysis on the
basis that this was the most contentious use with the highest de-
gree of exposure to recycled water. As initial support for uses such
as toilet ﬂushing was initially high, there was limited scope to
consider the change in views of those initially not supportive. The
hypothesis was that (H3) initial levels of support would interact
with the video message groups and the impact of the message
frames. Using a univariate General Linear Model (GLM), two-way
ANOVA was used to evaluate the interaction between the initial
support and the four video message groups for the ﬁve dependent
variables.
2.4.1. Demographic weights and variables
As attrition in younger age groups was found to be statistically
signiﬁcant between the surveys, the inﬂuence of age (in years) was
explored as a covariatewhen comparing the groups (using ANCOVA
through a univariate GLM). Moreover, the possible inﬂuence of
differences in the demographic composition of the sample was
examined through weighting, particularly with reference to the
Londoner population to consider the generalisability of ﬁndings.
Weighting was achieved using SPSS weight cases function to adjust
the composition of the sample based on the frequency of de-
mographic data for age, gender and ethnicity to be reﬂective of the
proportions in the London population.
Age and gender were explored as independent demographic
variables, as variations in both have been shown to be associated
with differences in attitudes to science (Castell et al., 2014) and
differences in responses to message framing (Levin et al., 1998). For
example, attitudes have been shown to be more impressionable at
younger ages (typically up to 25 years old - Krosnick et al., 1989),
although, susceptibility to attitude change may increase again in
late adulthood (Ajzen, 2001). The age group categories used for
analysis were: 18e34, 35e44, 45e54, 55e64 and over 65. Two-way
ANOVAs were conducted using univariate GLM to explore in-
teractions between the demographic categories and the message
groups. No ﬁrm hypotheses were made as to the expected nature of
the interactions.
3. Results
3.1. Initial general acceptance of non-potable water reuse
ANOVA showed therewas no signiﬁcant differences in the initial
attitudinal responses to the ﬁve dependent variables for the par-
ticipants' whowent on to be randomly assigned to the ﬁvemessage
groups. This indicated that at T1 no group displayed any initial
attitudinal differences compared with other groups before viewing
a video message. The dependent variable with the most variance at
T1 was support (F (1, 440) ¼ 1.272, p ¼ 0.280, h2 ¼ 0.012), whilst the
least variance was for general acceptance (F (1, 440) ¼ 0.679, p ¼
0.607, h2 ¼ 0.006). The results for initial support and behavioural
intentions (T1) are summarised in Fig. 3 to help contextualise the
participants’ responses with respect to the general patterns of
agreement with respect to recycled water uses with different de-
grees of exposure. The highest support was for the lowest exposure
uses e industrial uses (96% agreed) and toilet ﬂushing and garden
watering (92% agreed). The lowest initial support was for the
highest exposure use e use in recreation swimming areas (46%
agreed). The results for behavioural intentions followed a similar
pattern with higher intentions to use the water for watering gar-
dens and ﬂushing toilets (91% agreed) and lower intentions to swim
in recycled water (41% agreed). In this regard, the results were
broadly representative of previous research into public attitudes tonon-potable water reuse in a London context (for example see:
Aitken et al., 2014; Hills et al., 2001; Smith et al., 2014), and
therefore ecologically valid.
3.2. Impact of video messages
The results showed that participants were engaged by the video
messages and that some aspects of some participants' attitudes
changed over time, depending on the group they were assigned to.
For the valid sample of matched pairs (441), the changes in attitude
scores (summated question items for each dependent variable for
each participant) for the four videomessage groups were compared
with the control group to evaluate the impact of watching the
videos. Firstly Pearson's Chi-Square tests showed that there were
no statistically signiﬁcant differences between the distribution of
demographic characteristics of the ﬁve groups for gender
(c2¼ 2.996, df¼ 4, p¼ 0.559), age (c2¼14.893, df¼ 20, p¼ 0.783)
ethnicity (c2¼ 25.820, df¼ 16, p¼ 0.057), annual income
(c2¼ 21.256, df¼ 20, p¼ 0.382) or level of education (c2¼ 47.159,
df¼ 40, p¼ 0.203). As such, no intra-group weighting adjustments
were made before comparing the ﬁve groups.
Comparing the video messages to the control group showed
both the compliance message and the general messages had sta-
tistically signiﬁcant improvements for some attitude measure-
ments. Results from the one-way ANOVA (Table 3) on gain scores
showed signiﬁcant interactions for four of the ﬁve dependent var-
iables with small effects sizes (h2 > 0.02). Follow-up Dunnett's t-
tests showed statistically signiﬁcant improvements for the general
message group when compared with the control group for the
support (p ¼ 0.026) and trust (p ¼ 0.042) variables. The results
showed statistically signiﬁcant improvements for the compliance
group when compared to the control group for acceptance (p ¼
0.015), support (p ¼ 0.031) and risk perceptions (p ¼ 0.025). Due to
signiﬁcant variation in the attrition rate between age groups from
T1 to T2, the effect of age as a covariate was evaluated using
ANCOVA. These results showed no change in the effect sizes for the
ﬁve dependent variables (Table 3).
3.2.1. Message comprehension and impact
The results for each message group were explored to see how
well the messages were understood by participants. In all cases, a
high proportion of participants (>90%) agreed with the statement
“the message was easy to understand”, with the highest agreement
(97%) in the general message group. The comprehension results
showed that participants responded to the water safety attribute
frame manipulations. Comparing the responses from the four
groups watching a video showed that the proportion selecting the
appropriate statement was highest in the anticipated group: “the
video helped me understand about water quality compliance” was
signiﬁcantly higher in the water quality compliance group (c2 ¼
21.10, df ¼ 3, p ¼ 0.001); “the video helped me understand about
comparing every-day risks”, was signiﬁcantly higher in the relative
risk group (c2 ¼ 48.80, df ¼ 3, p¼0.001); and “the video helped me
understand about water treatment technology”, was signiﬁcantly
higher in the technology group (c2 ¼ 22.06, df ¼ 3, p ¼ 0.001).
The results for each message group were examined individually
to determine how the dependent variables changed over time. In
the no message group, there was evidence that the strength of
acceptance decreased with paired-samples t-tests showing a sta-
tistically signiﬁcant decrease in levels of acceptance (t(90) ¼ 2.319,
p¼0.023) and support (t(90) ¼ 2.068, p ¼ 0.041). Further inspection
of this result showed that these changes were largely due to the
participants moving from ‘strongly agree’ to ‘agree’ and particularly
for the lower exposure uses of toilet ﬂushing and garden watering
and industry use. In the general message group, paired-samples t-
Fig. 3. Proportion of participants agreeing to statements asking for their support and behavioural intentions (willingness) towards the use of recycled water (441).
Table 3
Results for ﬁve dependent variables and ﬁve groups for pre and post surveys.
Dependent variable Time No
Message
General Comply Relative
Risk
Tech. ANOVA ANCOVA (age as covariate)
Acceptance T1 35.63
(7.59)
36.01
(6.38)
36.03
(7.03)
35.77
(6.96)
35.73
(6.26)
F (4, 432)¼ 2.509, p¼ 0.041,
h2¼ 0.023
F (4, 432)¼ 2.512, p¼ 0.041,
h2¼ 0.023
T2 34.45
(7.83)
36.47
(6.44)
36.90
(5.94)
35.53
(7.78)
35.92
(6.49)
Support T1 20.14
(4.14)
20.06
(3.82)
20.27
(3.98)
20.16
(3.76)
20.23
(3.57)
F (4, 433)¼ 2.502, p¼ 0.042,
h2¼ 0.023
F (4, 433)¼ 2.525, p¼ 0.042,
h2¼ 0.023
T2 19.49
(4.28)
20.53
(3.69)
20.75
(3.22)
20.08
(4.19)
20.38
(3.49)
Willingness (behavioural
intentions)
T1 15.48
(3.70)
15.83
(3.05)
15.75
(3.26)
15.60
(3.45)
15.50
(2.96)
F (4, 434)¼ 1.476, p¼ 0.209,
h2¼ 0.013
F (4, 434)¼ 1.473, p¼ 0.209,
h2¼ 0.013
T2 14.96
(3.87)
15.92
(2.95)
16.10
(3.15)
15.45
(3.84)
15.54
(3.28)
Risk T1 23.00
(4.40)
23.26
(3.75)
22.86
(4.65)
23.31
(3.70)
23.22
(3.45)
F (4, 432)¼ 2.519, p¼ 0.041,
h2¼ 0.023
F (4, 432)¼ 2.589, p¼ 0.036,
h2¼ 0.023
T2 22.62
(4.20)
23.62
(3.70)
23.72
(4.01)
23.26
(3.67)
22.92
(3.43)
Trust T1 25.65
(5.51)
25.71
(4.89)
26.27
(5.33)
26.46
(4.46)
26.09
(4.90)
F (4, 435)¼ 2.644, p¼ 0.033,
h2¼ 0.024
F (4, 435)¼ 2.619, p¼ 0.035,
h2¼ 0.024
T2 25.47
(5.50)
26.77
(4.53)
26.88
(4.98)
26.53
(4.43)
25.80
(4.74)
Mean values with SD in parenthesis e calculated from the aggregate question items for each participant.
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-2.833, p ¼ 0.006). Finally, in the water quality compliance group,
paired-samples t-tests showed a signiﬁcant positive change in risk
perceptions (t(79) ¼ -2.567, p ¼ 0.012).
3.2.2. London weighting
Weighting cases so that the proportions were equivalent to the
London population for age, gender, ethnicity, level of education,
resulted in only the risk perception variable showing a signiﬁcant
interaction for the one-way ANOVA comparing the ﬁve message
groups (F (4,393)¼ 3.550, p¼ 0.007, h2¼ 0.034). Neither acceptance
(F (4,392)¼ 0.636, p¼ 0.637), support (F (4,392)¼ 0.744, p ¼ 0.563),
behavioural intentions (F (4,392) ¼ 0.338, p ¼ 0.852) or the trust
variable (F (4,396) ¼ 0.938, p ¼ 0.442) resulted in signiﬁcant
interactions.
3.3. Comparisons between message groups
The results above show that, when the groups are examinedindividually, the general message and the compliance message
appeared to have the greatest impact on respondents, as evidenced
by changes in dependent variables (trust and risk perceptions).
However, in order to better assess framing effects e i.e. the role of
the three message frames, as opposed to the general message ewe
also compared the four message groups to each other (H2). One-
way ANOVA showed a signiﬁcant interaction for the trust variable
(F (3,345) ¼ 2.919, p ¼ 0.034, h2 ¼ 0.025) and there was some
indication of an interaction for risk perceptions with a small effects
size (F (3,342) ¼ 2.521, p ¼ 0.056, h2 ¼ 0.022). The interactions were
followed up using Tukey's post-hoc test to explore which groups
were different. This showed that there was no signiﬁcant difference
between the compliance message group and the general (context)
message group. However, both the compliance message and the
general messages performed better than the technology message,
which provides some evidence of a negative framing effect from the
technology message.
It was hypothesised (H3) that there would be an interaction
between the video message groups based on participants’ initial
D. Goodwin et al. / Water Research 145 (2018) 125e135132levels of support for using recycled water for swimming areas e
particularly as there were high proportions of participants initially
not supportive or neutral on this type of use. However, although
there were signiﬁcant differences between how the attitudes
changed in these three initial support categories, two-way ANOVA
did not reveal a signiﬁcant interaction with the video message
groups. The interaction was the strongest with the trust variable (F
(2, 353)¼ 1.959, p¼ 0.071, h2¼ 0.032) and weakest for risk per-
ceptions (F (2, 354)¼ 1.263, p¼ 0.274, h2¼ 0.021). Inspection of the
marginal means showed that the strongest positive changes were
for the participants in the compliance message group (n¼ 30) for
the acceptance, support and risk perception variables for thosewho
were initially not supportive, however, there was no evidence of a
statistically signiﬁcant framing effect.
Considering the demographic variables of gender and age, the
only near-signiﬁcant interaction (with a medium partial eta
squared effect size> 0.06) to emerge was for risk perceptions for
the two-way ANOVA of message group and age category (F
(12,330)¼ 1.761, p¼ 0.054, h2¼ 0.060). The follow up simple effects
test (with Bonferroni corrections) showed statistically signiﬁcant
differences only for the youngest age group category (18e34)
where participants perceived less risk in the compliance message
group compared with the technology message group (mean dif-
ference¼ 2.635, p¼ 0.025). All other differences between the
groups were less and not statistically signiﬁcant for all other age
categories. Whilst these differences were observed, it is noted that
there were small numbers of participants within the age group
categories of each video message group.
Based on these analyses, the following summation of message
impacts and framing effects is put forward (Table 4). The overall
picture that emerged was that the general (context) message and
the water quality compliance message had more impact on par-
ticipants. In contrast with the general (context) message (and to
some degree the compliance message), the water treatment tech-
nology focal characteristic may have reduced the potential for the
messages to have a positive impact on the participants’ attitudes.3.3.1. London weighting
Weighting cases so that the proportions were equivalent to the
London population for age, gender, ethnicity, level of education,
resulted in only the risk perception variable showing a signiﬁcant
interaction for the one-way ANOVA comparing the four video
groups (F (3, 309)¼ 4.680, p¼ 0.003, h2¼ 0.043). Neither acceptance
(F (3,296)¼ 0.654, p ¼ 0.581), support (F (3, 297)¼ 0.591, p¼ 0.621),Table 4
Results summarised as a preliminary typology of message impact and framing effects.
Context frame Attribute
frame
Message impact
Water supply context, water reuse as a
solution with beneﬁt from sustaining
water supplies but with risks from
contaminants
None
(general
message)
Helped participants understand
Gains in trust. Impact on suppo
with control group.
Water
quality
compliance
Helped participants understand
compliance. Less risk perceived
support and risk perceptions w
control group.
Relative risk Helped participants understand
day risks. No impact on attitud
control group.
Technology
selection
Helped participants understand
technology. No impact on attitu
No message Some decline in acceptance an
initially more supportive of the
toilet ﬂushing)behavioural intentions (F (3,300) ¼ 0.447, p ¼ 0.720) or the trust
variable (F (3, 300) ¼ 1.239, p ¼ 0.296) resulted in signiﬁcant in-
teractions. On inspection of the Tukey post-hoc test results for the
risk perception interaction, both the general message (p ¼ 0.020)
and the compliance message (p¼ 0.018) had statistically signiﬁcant
improvement when compared to the technology message. The in-
teractions with age and gender categories were also explored using
two-way ANOVA. As with the unweighted sample, there was a
signiﬁcant interaction between age categories and message group
for risk perceptions (F (12,349) ¼ 2.355, p ¼ 0.006, h2 ¼ 0.075) and,
through inspection of the marginal means and simple effects tests,
a similar pattern of results emerged as with the unweighted
sample.4. Discussion
In this study, we investigated the impact of video messages and
message framing on participants' attitudes to non-potable recycled
water. Findings demonstrate that participants were engaged by the
video messages and that some aspects of some participants’ atti-
tudes did change over time - depending on the group they were
assigned to. Comparing the video messages to the control (no
message) group showed that both the general (context) message
and the water quality compliance messages resulted in improve-
ments for some attitude measurements. The impact was more
pronounced in terms of decreasing perceptions of risk and
increasing trust in management. However, results from the com-
parisons between groups showed that, for the compliancemessage,
it is difﬁcult to ascertain whether the added compliance frame had
any impact over and above that of the general message. Following
weighting of the sample to match demographic proportions in the
London population, the results pointed to implications for
improving risk perceptions in the younger age groups (with the
difference in results also highlighting limitations to the method of
participant recruitment and perhaps some ecological but limited
external validity). The results supported previous ﬁndings of posi-
tive impacts from information provision about recycled water
safety (Fielding and Roiko, 2014) and also add to the literature on
the inter-related nature of lower risk perceptions, higher trust and
higher acceptance (Fielding et al., 2018). The results are encour-
aging in that they support the use of video animations for engaging
the public withwater recycling and for reducing perceptions of risk.
However, as the mechanism of communication (video animations)
was not variable, there is no evidence to suggest that videos wereFraming effect
about recycled water.
rt and trust compared
Gains in trust and less perceived risk compared with the
technology message (particularly for the youngest age
group)
about water quality
. Impact on acceptance,
hen compared with
No difference to the general message. Indication of less
perceived risk for those initially not supportive, and in
the youngest age group, particularly compared to the
technology message.
about comparing every-
es compared to the
No difference to the general message.
about water treatment
des compared to control.
Less trust compared to general message. Indication of
more perceived risk compared to the compliance
message, particularly in the youngest age group
category.
d support for those
low exposure uses (e.g.
D. Goodwin et al. / Water Research 145 (2018) 125e135 133necessarily any better than other forms of communication (e.g.
website, pamphlet).
The results indicate a link between the provision of the video
animation messages and trust building. The general message
(which framed the role of recycled water in the context of London's
water resource management) improved overall trust. This
improvement in trust is notable as previous studies have qualita-
tively highlighted a lack of trust in water safety as limiting people's
willingness to used non-potable recycled water (Roseth, 2008).
Whilst a number of previous studies have shown an increase in
trust in authorities to manage recycled water schemes following
the receipt of information (Price et al., 2015; Roseth, 2008), these
results were largely focused on potable reuse. The ﬁndings of this
study extend that trend to a broad palette of non-potable reuse
possibilities. More generally, as trust building is considered
fundamental for promoting water reuse, including in London (Khan
and Gerrard, 2006; Aitken et al., 2014), some improvement in trust
from viewing the video messages is encouraging.
There was little indication that the relative risk message
impacted on attitude change. Previous research has found that
providing context on the relatively low risk of recycled water for
drinking, compared to other every-day risks, can lower risk per-
ceptions and improve public support (Price et al., 2015). In contrast,
earlier work found that this kind of information may decrease a
message's impact (Fielding and Roiko, 2014). The ﬁndings of this
study are more in keeping with the latter. Similarly, the decrease in
the general acceptance observed in the group that was not exposed
to any messaging is consistent with others that have found de-
creases in support associated with no information provision
(Fielding and Roiko, 2014; Roseth, 2008). It has been argued that
public acceptance can wane if engagement efforts are under-
whelming (Russell et al., 2008). The results of this study support
this claim and also suggest beneﬁts to exploring how information
might engage more deeply with the public's understanding of the
relative risks of using recycled water (also within the context of de-
facto reuse - Smith et al., 2018). Whilst being mindful of method-
ological limitations, the results showed that providing some in-
formation was important for maintain positive attitudes towards
less contentious uses as well as potentially strengthening support
for more contentious uses.
The value of separating different focal characteristics of water
safety messaging was particularly evidenced by the results for the
water treatment technology frame, which showed some evidence
of a negative framing effect (compared to the compliance message
and the general message). Whilst previous studies have shown that
information about water recycling technology can have positive
impacts (Roseth, 2008; Dolnicar et al., 2010), ﬁndings from this
study suggest some caution should be taken before pursuing this
type of messaging. An explanation may be that those already
comfortable with water reuse technology, or those who are very
uncomfortable with it, are unlikely to be inﬂuenced by more of this
type of information (de Koster and Achterberg, 2015). Results of this
study indicate that people may be more receptive to information
focusing on the general context or on the management practices
that facilitate water quality compliance, rather than the ability of
water treatment processes to remove contaminants from
wastewater.
The ﬁndings presented here provide a platform for exploring
attitude change in more detail, and further research is recom-
mended to develop and apply the proposed message framing ty-
pology and build on evidence of framing effects relating to speciﬁc
types of non-potable recycled water use in different communities.
There is a particular need to examine effects on attitudes towards
more contentious uses where initial attitudes may be more
entrenched and difﬁcult to shift (as reﬂected in the results to H3). Itis also important to explore the stability of attitudes over longer
time periods. There are opportunities for developing targeted
messages, and more so, for involving the public to help co-
construct frames that can help target speciﬁc concerns of
different groups within the community (Hallahan, 1999; Mankad,
2012). Thus, the ﬁndings indicate feasible beneﬁts to developing
approaches that support more interactive, on-going frame devel-
opment processes that aim to negotiate different points of view and
expectations (Dewulf et al., 2009). Finally, whilst this study's
ﬁndings are encouraging in that they found some impact from
messages, these were modest impacts. There is potential in this
form of communication, but no single message frame will ever be a
panacea for enhancing support of recycled water, and practitioners
should always be mindful of the need to develop such communi-
cations as one part of more comprehensive engagement strategies
to achieve more meaningful shifts in public attitudes (Smith et al.,
2018).
5. Conclusions
This study aimed to examine the impact of message framing on
public attitudes towards non-potable water reuse through the use
of video messages that selectively communicated information
regarding the safety of non-potable recycled water use in London.
The research provides evidence to show that the purposeful se-
lection and emphasis of certain focal characteristics of a message
has the potential to inﬂuence participants’ attitudes to recycled
water. In particular, ﬁndings illustrate the positive impact of com-
munications which are framed in terms of compliance with water
quality requirements. On the other hand, there was no evident
impact from messages framed around the ability of water treat-
ment technologies to remove contaminants nor in terms of non-
potable water risks relative to other every-day risks. Through the
conceptualisation of a message framing typology, this study ad-
vances understanding of public responses to information and
provides an avenue for improving communication around reuse
schemes. The corroboration of beneﬁts to communicating about
recycled water safety within the water resource context is of
considerable beneﬁt to water industry practitioners developing
public engagement information.
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